(19) 



J 



(12) 



(43) Date of publication: 

14.10.1998 Bulletin 1998/42 

(21) Application number: 97203552.1 

(22) Date of filing: 14.11.1997 



EuropSisches Patentamt 
European Patent Office 
Office europeendes brevets (11) EP 0 871 029 A2 

EUROPEAN PATENT APPLICATION 

(51) Int CI.^: G01N 27/12 



(84) Designated Contracting States: 


• Poll, Andrea A. 


ATBECHDE DK ESRFR GB GR IE ITLILU MC 


Livonia, Michigan 48150 (US) 


NL PT SE 


• Meltser, Wiark Alexander 




Pittsford, New York 14534 (US) 


(30) Priorrty: 11.04,1997 US 837039 




(71) Applicant: 


(74) Representative: 


Denton, Michael John et al 


GENERAL MOTORS CORPORATION 


Delphi Automotive Systems 


Detroit Michigan 48202 (US) 


Centre Technique Paris 


(72) Inventors: 


117 avenue des Nations 


B.R 60059 


• Cheng, Yang-Tse 


95972 Roissy Charles de Gaulle Cedex (FR) 


Rochester Hilts, Michigan 48306 (US) 



(54) Thin film hydrogen sensor 

(57) A Ihin film hydrogen sensor, comprising; a sub- 
stantially flat ceramic substrate (32) with first and sec- 
ond planar sides (50, 52) and a first substrate end (33) 
opposite a second substrate end (35); a thin film tem- 
perature responsive resistor (34) on the first planar side 
of the si4>strate proximate to the first substrate end: a 
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thin film hydrogen responsive metal resistor (36) on the 
first planar side of the substrate proximate to the fist 
substrate end and proximate to the temperature respon- 
sive resistor; and a heater (62) on the second planar 
side of the substrate proximate to the first end. 
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Description 

This invention relates to a thin film hydrogen sen- 
sor. 

Sensing elements for some known hydrogen sen- 
sors use materials whose electrical characteristics vary 
in response to an amount of hydrogen gas to which the 
sensing element is exposed. One class of such materi- 
als includes metals that, when deposited in a thin film 
layer, have a resistance that varies in relation to an 
amount of hydrogen atoms absoit)ed into the metal, 
which depends upon the amount of hydrogen present in 
gases to which the thin film layer is exposed. Example 
metals responsive to the presence of hydrogen and suit- 
able for use as thin film sensing elements include palla- 
dium or known palladium alloys in combination with a 
layer of one or more of the following: Ti, Cr. Nb. Hf. Mo, 
Zr. Au. Ag. Pt. Rh, Ni. and/or alloys thereof, and the like. 

It is an object of this invention to provide a thin film 
hydrogen sensor according to claim 1. 

Advantageously, this invention provides a thin film 
hydrogen sensor with an improved operating tempera- 
ture range compared to prior known hydrogen sensors 
using thin film metal sensing elements. 

Advantageously, this invention provides a hydrogen 
sensor including a thin film hydrogen responsive resis- 
tor, a thin film temperature responsive resistor and a 
heater, all packaged on a ceramic substrate. 

Advantageously, this invention provides a hydrogen 
sensor with monitoring and control circuitry therefore 
that maintains an accurate and stable temperature con- 
trol of the sensor, improving sensor precision and accu* 
racy. 

Advantageously, this invention provides a thin film 
hydrogen sensor in which a monitoring circuit is pro- 
vided for monitoring a temperature responsive resistor 
and for monitoring a hydrogen responsive resistor. A 
control circuit is provided responsive to the monitoring 
circuit and electrically isolated therefrom for providing 
control to the sensor's heater to maintain closed loop 
heater control and operation of the sensor at a desired 
operating temperature. 

Advantageously, this invention provides a thin film 
hydrogen sensor suitable for use in a fuel cell environ- 
ment and/or a motor vehicle environment. 

Advantageously, according to a preferred example, 
this invention provides a thin film hydrogen sensor com- 
prising a substantially flat ceramic substrate with first 
and second planar sides and a first substrate end oppo- 
site a second substrate end; a thin film temperature 
responsive resistor on the first planar side of the sub- 
strate proximate to the first substrate end; a thin film 
hydrogen responsive metal resistor on the first planar 
side of the substrate proximate to the first substrate end 
and proximate to the temperature responsive resistor; 
and a heater on the second planar side of the substrate 
proximate to the first end. 

In a preferred example, on the first planar side of 



the substrate, the temperature responsive resistor and 
the hydrogen responsive metal resistor are located 
equidistant from a center line running longitudinally 
through the substrate and equkJistant from first and sec- 

5 ond longitudinally directed edges of the substrate. The 
temperature responsive resistor and the thin film hydro- 
gen responsive metal resistor each cover substantially 
equal areas of the substrate and the heater on the sec- 
ond planar side of the substrate is symmetrical with 

10 respect to the longitudinal center line. This structure 
ensures that heat generated by the heater radiates 
equally to the tenrperature responsive resistor and the 
hydrogen responsive resistor so that the temperature 
responsive resistor provides an output accurately repre- 

15 senting the temperature of the hydrogen responsive 
resistor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 The present invention will now be described by way 
of example with reference to the following drawings in 
which: 

Rgure 1 illustrates an example of the temperature 
25 dependent response of a thin film metal hydrogen 
sensing element; 

Figures 2 illustrates a first view of an example pla- 
nar hydrogen sensor according to this invention; 
Figure 3 illustrates an enlargement of a portion of 
30 the example sensor shown in figure 2; 

Figure 4 illustrates a second view of the example 
planar hydrogen sensor shown in figure 2; and 
Rgure 5 illustrates an exantple circuit for use with 
the sensor shown in figures 2-4. 

35 

Refening now to Figure 1 , the graph shown illus- 
trates an example response of a hydrogen sensor using 
a thin film metal resistor hydrogen sensing element. The 
graph plots the response of the sensing element to var- 
40 ying percentages of hydrogen for various operating tem- 
peratures of the sensor. The output signal Is achieved 
using the thin film metal hydrogen responsive resistor 
connected in a four-resistor brkJge with the output level 
of the sensor representative of the voltage output of the 
45 bridge. TraceslO, 12, 14and 16 represent the response 
of the hydrogen sensing element when the sensor is 
n\aintained at 30, 50, 70 and 90°C, respectively, illus- 
trating the temperature dependent nature of the 
response of the thin film hydrogen responsive resistor 
so sensing element. 

Another characteristic of the response of the thin 
film hydrogen responsive metal resistor sensing ele- 
ment not shown in the graph In figure 1 is that, as the 
operating tenrperature of the sensing element 
55 increases, the response time of the sensing element 
decreases. In other words, the sensor responds faster 
at higher operating temperatures. 

Referring now to figure 2, an example hydrogen 



so 



55 



3 EP0871029A2 4 



sensor 30 according to this invention is shown. The sen- 
sor 30 includes a ceramic substrate 32 with a first planar 
surface 50. The prefen-ed shape of the substrate is the 
elongated rectangle shown, providing first and second 
opposite substrate ends 33 and 35 and parallel bngitu- 
dinalty directed edges 37 and 39 extending between the 
first and second 33 and 35. The planar surface 50 
of substrate 32 carries the temperature responsive 
resistor 34 (also refen^ed to herein as sensing element 
34), the hydrogen responsive resistor 36 (also referred 
to herein as sensing element 36). the central common 
conductor 40 and the separate conductors 38 and 50. 
The temperature responsive resistor 34 comprises a 
thin film of metal, such as platinum, applied to the sub- 
strate 32 by any suitable method including by electron 
beam deposition, ink printing or other suitable method. 
Similarly, the hydrogen responsive resistor 36 may also 
be applied to the substrate 32 by electron beam evapo- 
ration, ink printing or other suitable method. Many 
example suitable constnjctions for the hydrogen 
responsive metal resistor 36 are known to those skilled 
in the art and prefen'ed examples include a layer of pal- 
ladium deposited over a layer of platinum or a layer of 
palladium deposited over an alloy consisting of 
Ni5aZr48. 

At the second end 35 of the substrate 32. platinum 
terminal pads 44. 46 and 48. deposited by any suitable 
known technique, are used for providing electrical con- 
tact between the conductors 38. 40 and 42 and electri- 
cal terminals of a known type (not shown) to which the 
end 35 of the substrate 32 is engaged. The non-porous 
substrate 32 is preferably alumina (i.e.. 96% pure) and 
obtained by properly sintering a green body of alumina 
particles, binders and lubricators formed in a known 
manner, for example, by tape casting. The sensng ele- 
ment 34. 36. conductors 38, 40 and 42. and contact 
pads 44, 46 and 48 may be applied to the substrate 
after the substrate is sintered and then sintered at the 
desired temperature(s) or may be applied to the sub- 
strate 32 when it is a green body, before it is sintered, 
and then co-sintered with the substrate. 

The entire surface 50, excluding the sensing ele- 
ments 34 and 36 is covered with a dense alumina coat- 
ing leaving the platinum pads 44, 46 and 48 exposed. 
The dense alumina coating may be applied by any 
known technique including flame spraying or by applica- 
tion as a separate green body layer laminated to the 
substrate 50 and then sintered therewith. Both the flame 
spraying and lamination techniques are known to those 
skilled in the art of flat structure ceramic technology 

Referring now also to figure 3. the entire structure 
of the first planar side of the sensing element 32. partic- 
ulariy on the end 33 of the substrate 32, is symmetrical 
with respect to the longitudinal center line 31 of the sub- 
strate. More particulariy. sensing elements 34 and 36 
are located substantially equal distances 154 and 156 
from the longitudinaJ center line 31. Furth©-. sensing 
element 34 has a width 1 58 and length 1 62 substantially 



equal to the width 160 and length 164 of the sensing 
element 36 so that both sensing elements 34 and 36 
cover substantially equal surface areas of the surface 
50 of the substrate 32. The sensing elements 34 and 36 

5 are at equal distances 150 and 152 from the edges 37 
and 39 of the substrate 32 and at equal distances 166 
and 168 from the edge 41 of the substrate 32. Both 
sensing elements 34 and 36 are identically aligned, par- 
allel with the longitudinal center line 31. It is also seen 

10 that the structure of the conductors 38, 40 and 42 is 
symmetrical with respect to the longitudinal center line 
31 . Conductor 40. having a symmetrical T-shape is cen- 
tered on th9 center line 31 and conductors 38 end 42 
are diametrically opposed on opposite sides of center 

IS line 31 . 

Referring now also to figure 4, on the second planar 
surface 52 of the substrate 32. a serpentine heating ele- 
ment 62, for example of thin or thick film platinum, is 
coupled to conductors 58 and 60 whose ends 54 and 56 

20 at the end 35 of tiie substrate serve as the contact ter- 
minals for provkfing electrical connection to a connector 
of a known type. The conductors 58 and 60 are made 
substantially wider than the conductors 38, 40 and 42 
(figure 2) to allow the conductors 58 and 60 to cany tiie 

2S amount of current necessary to operate the heater 62 at 
the desired temperature (i.e.. 300 '^C or higher). 

Heater 62 and corKiuctors 58 and 60 are also sym- 
metrical with respect to the longitudinal center line 31 of 
the sensor 30. This structure ensures equal heating to 

30 both longitudinal halves of the sensor 30 on each side of 
the longitudinal center line 31. 

Additionally, the symmetrical structure on the first 
planar surface 50 shown in figures 2 and 3 provides for 
equal heat transfer profiles of the sensor 30 on each 

35 side of tiie center line 3 1 . The sensing elements 34 and 
36 receive equal heat profiles with respect to the longi- 
tudinal center line 31 because they, along with the 
heater 62, are positioned and shaped symmetrically 
with respect to the longitudinal center line 31. Thus the 

40 temperature to which the temperature re^nsive resis- 
tor comprising sensing element 34 is exposed is equal 
to the temperature to which the hydrogen responsive 
resistor comprising sensing element 36 Is exposed. 
This structure ensures that the temperature sensed by 

45 sensing element 34 represents the temperature of 
sensing element 36 in both thermally static and ther- 
mally dynamic conditions. 

The conductor 40 is connected through its T- 
shaped end 43 to a first end of sensing element 34 and 

so a first end of sensing element 36. The conductor 38 is 
connected to the second end of sensing element 34 and 
the conductor 42 is connected to the second end of 
sensing element 36. 

Referring now to figure 5. the example circuitry 

55 comprises power circuit 71 for providing power to the 
heater 62 and monitoring circuits 70 and 72 for monitor- 
ing the output of tiie sensing elements 34 and 36. The 
monitored circuit 72 includes a resistor brkfge compris- 
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ing resistor 86 in series with hydrogen responsive resis- 
tor 36 connected between a regulated voltage supply 
fine 47 and circuit ground 84 and a pair of resistances 
represented by the portions of resistor 88 on each side 
of the center tap 92. Resistor 88 is also coupled 
between the regulated voltage supply line and ground. 

With resistor 86 fixed and both resistances 88 fixed, 
the output of the bridge on lines 90, 92 varies with the 
resistance of sensing element 36. which varies with the 
amount of hydrogen in the atmosphere to which sensing 
element 36 is exposed. The signals on lines 90 and 92 
are input to differential amplifier 124, which provides an 
output signal on line 93 indicative of the hydrogen con- 
tent of the atmosphere to which the end 33 of sensor 30 
is exposed. 

The monitoring circuit for the temperature respon- 
sive resistor comprising sensing element 34 also 
includes a resistor bridge with resistor 76 and sensing 
element 34 connected in series and the two resistances 
of resistor 78 on either side of center tap 82 coupled 
parallel to resistor 76 and sensing element 34 between 
the fixed voltage supply line 74 and ground 84. Because 
the resistor 76 is fixed and the two resistances of resis- 
tor 78 on either side of center tap 84 are fixed, the out- 
put of the bridge on lines 80 and 82 is responsive to the 
resistance of sensing element 34. which varies with the 
temperature of the end 33 of substrate 32. 

The signals across lines 80 and 82 are input to 
amplifier 94 that provides an output responsive to the 
difference in voltage levels on lines 80 and 82. The out- 
put of amplifier 94 is connected to amplifier 96 to further 
amplify the signal and provide that further amplified sig- 
nal to the input of PWM circuit 98. PWM circuit 98 is a 
circuit of a known type that provides a pulse width mod- 
ulated signal at its output line 100 responsive to the volt- 
age at the input. The output of PWM circuit 98 on line 
1 00 is a pulse width modulated signal responsive to the 
temperature of the end 33 of substrate 32 as sensed by 
sensing element 34 and is coupled via resistor 102 and 
line 104 to the light source 1 08 of optical coupler 1 06. 

Optical coupler 106 is a device of a known type for 
transferring a control signal such as the PWM signal on 
line 104, from a control circuit having one power supply 
for example the regulated five volt power supply line 74. 
to a power source having a separate power supply, for 
example, the 12 volt power supply line 1 14. The optica) 
coupler 106 includes a solid state switching device, 
such as transistor 1 10, that is responsive to the optical 
output of light source 108, turning on and off as light 
source 108 is switched on and off. The transistor 1 10 is 
coupled to the 12 volt supply line 114 via resistor 112 
and is also coupled to the gate input of power FET 1 18 
with a diode 1 16 provided for reverse voltage protection. 

The pulse width modulation of light source 108 via 
the signal on line 104 in turn pulse width modulates the 
transistor 110, which puise width modulates the control 
gate of FET 118. FET 118 pulse width modulates the 
power supplied to heater 62. which is coupled between 



the 12 volt supply line 114 and line 120, which poWer 
FET 1 18 selectively couples to ground 122 

This arrangement provides continuous feedback of 
the control of the heater 62 via the temperature of the 
5 end 33 of the substrate 32 as sensed by sensing ele- 
ment 34. The target temperature to which the heater 62 
is controlled is set by the position of center tap 82 in 
resistor 78 (obviously, resistor 78 can be replaced by 
two discrete resistors). 
10 Through the circuit structure shown, the sensing 
elements 34 and 36 on the surface 50 of the substrate 
32 are connected only to circuitry coupled to the regu- 
lated power supply line 74 and are electrically isolated 
from the power supply line 114 and the power supply 
15 circuitry 71 for the heater 62. This is true even though 
the power to the heater 62 from the power supply cir- 
cuitry 71 is controlled by the monitoring circuit 70. 

The advantage of the pulse width modulated con- 
trol for the heater shown is that temperature is control- 
20 led continuously through variations of the duty cycle of 
the pulse width modulated control signal output from the 
monitoring circuit 70. That is, the pulse width modulated 
control signal is continuously applied unless the tenper- 
ature of the end 33 of the substrate 32 is greater than 
25 the temperature set by line 82 via the center tap on 
resistor 78. When the temperature sensed by sensing 
element 34 is below the target temperature set by line 
82. the duty cyde on line 104 increases the further the 
temperature sensed by sensing element 34 is from the 
30 target temperature set by line 82. This continuous 
heater control eliminates fluctuations that may result in 
heaters that are discretely switched on and switched off 
in response to sensed temperature. 

Additionally, the switched mode of power delivery 
35 provided by the PWM control is suitable for environ- 
ments such as in fuel ceil stacks or such as in fuel cells 
included in automotive vehicles in which the high pow- 
ered supply line, i.e., the 12 volt supply line 114. is sub- 
ject to variation with vehicle or other load running 
40 conditions. 

Claims 

1 . A thin film hydrogen sensor, comprising: 

45 

a substantially flat ceramic substrate (32); 
a thin film temperature responsive resistor (34) 
on the substrate; 

a thin film hydrogen responsive metal resistor 
so (34) on the substrate; and 

a heater (62) on the substrate. 

2. A thin film hydrogen sensor according to claim 1, 
wherein the substrate has first and second planar 

55 sides (50.52) and a first substrate end (33) opposite 
a second substrate end 35, 

the thin film temperature responsive resistor is 
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on the first planar side of the substrate proxi- 
mate to the first substrate end, 
the thin f 9m hydrogen responsive metal resistor 
is on the first planar side of the substrate prox- 
imate to the fist substrate end and proximate to 
the tenfTperature responsive resistor, and 
the heater is on the second planar side of the 
sUstrate proximate to the first end. 

3. A thin film hydrogen sensor according to claim 2, 
also comprising: 

a first conductor (40) connecting a first end of 
the temperature responsive resistor and a first 
end of the hydrogen responsive metal resistor 
and extending along the first planar side from 
the first substrate end to the second substrate 
end; 

a second conductor (38) connecting to a sec- 
ond end of the temperature responsive resistor 
and extending along the first planar side from 
the first substrate end to the second substrate 
end; and 

a third conductor (42) connecting to a second 
end of the hydrogen responsive metal resistor 
and extending along the first planar side from 
the first substrate end to the second substrate 
end. 

4. A thin film hydrogen sensor according to claim 3. 
also comprising: 

fourth and fifth conductors (58. 60) connected 
to the heater and extending along the second 
planar side from the first substrate end to the 
second substrate end. 

5. A thin film hydrogen sensor according to daim 2, 
also comprising: 

a monitoring circuit (72) coupled to the temper- 
ature responsive resistor and to the hydrogen 
responsive metal resista; and 
a power circuit (71) coupled to the heater, 
wherein the power circuit is electricaDy isolated 
from the monitoring drcuit and is responsive to 
the monitoring circuit for providing power to the 
heater, wherein the heater maintains the first 
substrate end at a control temperature higher 
than a Nghest desired operating tenperature 
of the thin film hydrogen sensor. 

6. A tNn fam hydrogen sensor according to daim 3, 
also comprising: 

a monitoring drcuit (72) coupled to the temper- 
ature responsive resistor and to the hydrogen 
responsive metal resistor, wherein the monitor- 



ing circuit comprises: 

a first resistor bridge drcuit comprising the 
temperature responsive resistor and first. 

5 second and third bridge resistors (76, 78). 

wherein the first resistor bridge circuit is 
coupled to the first and second conductors; 
a second resistor bridge drcuit comprising 
the hydrogen responsive resistor and 

10 fourth, fifth arxf sixth bridge resistors (86, 

88). wherein the second resistor bridge cir- 
cuit is coupled to the first and third conduc- 
tors. 

15 7. A thin film hydrogen sensor according to claim 6, 
also comprising: 



a first differential amplifier (94) within the moni- 
toring circuit, responsive to the first resistor 
bridge circuit and providing an output signal 
indicative of a tenrperature of the first substrate 
end: 

a pulse width modulation control circuit (98) 
within the monitoring circuit, responsive to the 
output of the first differential amplifier providing 
a pulse width modulated signal output; 
a signal coupler (106) including a light source 
(108) and an optically controlled solid state 
switch (110). wherein the light source is cou- 
pled to the pulse width modulated signal out- 
put; and 

a power drcuit (71) coupled to the solid state 
switch, providing a pulse width modulated 
power signal to the heater responsive to the 
light source, wherein the power drcuit and 
monitoring circuit remain electrically isolated. 

A thin film hydrogen sensor according to daim 7. 
also comprising: 

a second differential amplifier (124) within the 
nx>nitoring circuit, wherein the second differen- 
tial ampftfier is responsive to the second resis- 
tor tM-idge circuit and provides an output signal 
indicative of an amount of hydrogen to which 
the first erKi of the substrate is exposed. 
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9. A thin film hydrogen sensor according to claim 2, 
wherein, on the first planar side, the temperature 

so responsive resistor and the hydrogen responsive 
metal resistor are located equidistant from a center 
line (31) running longitudinally through the sub- 
strate and are equidistant from first and second lon- 
gitudinally directed edges (37. 39) of the substrate. 

55 wherein the temperature responsive resistor and 
the hydrogen responsive metal resistor each cover 
substantially equal areas of the sut^strate and are 
diametricalty opposed with respect to the center 
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line, wherein the heater on the second planar side 
of the substrate is symmetrical with respect to the 
center line, ensuring that heat generated by the 
heater radiates equally to the temperature respon- 
sive resistor and the hydrogen responsive metal 5 
resistor so that the temperature responsive resistor 
provides an output accurately representing a tem- 
perature of the hydrogen responsive metal resistor. 

10. A thin film hydrogen sensor according to claim 2, 10 
also comprising: 

a first conductor (40), connecting a first end of 
the temperature responsive resistor and a first 
end of the hydrogen responsive metal resistor 15 
and extending along the first planar side from 
the first substrate end to the second substrate 
end, wherein the first conductor is longitudi- 
nally centered on a center line (31) running lon- 
gitudinally through the substrate; so 
a second conductor (38) connecting to a sec- 
ond end of the temperature responsive resistor 
and extending along the first planar side from 
the first substrate end to the second substrate 
end; and 2s 
a third conductor (42) connecting to a second 
end of the hydrogen responsive metal resistor 
and extending along the first planar side from 
the first substrate end to the second substrate 
end, wherein the second and third conductors 30 
are diametrically opposed with respect to the 
longitudinal center line. 

11. A thin film hydrogen sensor according to claim 10, 
wherein the first conductor includes a conductor 35 
end (43) extending laterally in first and second 
directions to form a T-shape symmetrical with the 
center line, wherein the conductor end forms the 
connections to the temperature responsive resistor 
and to the hydrogen responsive metal resistor. 40 
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(54) Thin film hydrogen sensor 

(57) A thin film hydrogen sensor, comprishg: a sub- 
stantially flat ceramic substrate (32) with first and sec- 
ond planar sides (50. 52) and a first substrate end (33) 
opposite a second substrate end (35); a thin fUm tem- 
perature responsive resistor (34) on the first planar side 
of the substrate proximate to the first substrate end; a 



thin film hydrogen responsive meted resistor (36) on the 
first planar side of the substrate proximate to the fist 
substrate end and proximate to the temperature respon- 
sive resistor; and a heater (62) on the second planar 
side of the substrate proximate to the first end. 
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